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A1lS’JRAC’~

‘J’hc Aggregate-1.cvcl Simulation Prolocd (AI.SP)
provides a common plalform where a simulalirm can
impor(  objccls  owned by other simulations (ghosling)
into its local modeling framework, and can export ils
objects lcr mhcr simulations. In AI.SI’,  simulations arc
rcfcrrcd  [0 as actors, and an aggregate of Simulations
lorm the Al S1> Ccmfcdcraiion.  The first pair of actors 10
succcssfu]l y join [he confcdcrat  ion arc lhc Corps B alllc
Simula(icm (CBS) and the Air Warfare Simulation
(AWS1h4), CBS is currently unckrgoing changes m
interface with the Combat Service Support  Training
Simulation Systcm (CSS1’SS).

This paper clcscribcs the approach and changes that
allow CB.S to successfully join the AI .S1> Confederation.
l’here arc two distinct areas of changes that CBS had to
unclcrtak funclicmal  changes find intcrtidcc changes.
‘1’hc functional changes give CBS the :ibility  to gmcr;itc
the simulation cvcnl da[a and object state changes nccdcd
to support the nmdcling interface with otbcr aclors.  This
was acl]ievd by enhancing or inhibiting ccrlain
t’unctiona]ity in the model. “J’hc in[crfacc changes
pmvidc CBS wi(b the ability to recognize and gcnerak!
AI.SP messages ndd m support the functional
changes. lhc ill~plell]e]ltatioll  appmich  m lhc above
changes was based cm the philosophy thal CBS’s sland-
alonc functicmility should be kept intact.

1 1NTRODUCTION

‘J’hc purpose c)f this p;ipcr  is 10 sunmmrim the software
cxpcricncc  and implications of joining the AI.SP
Confederation from an acmr’s point of view, the actor
twing CBS. The emphasis is on the interface changes
rccen[ly  applied [o CBS 1.4, which enable it to I“unction
in the distributed sim[llalion cnvircmnmnt providwl by
Al .S1’.

l’hc AJ,SP clc~clll]lcl~t;lliol] refers  to the a c t o r ’ s
“l’l<ANSI.A-I’OR  as the scgrcgatcd  piece of  code
ccmtainit]g most d the modifications to (hc acmr. “Ike

CBS translator does contain all the interface changes. It
should  bc WMCCJ,  however, that depending on the
func[icmal  inlcrfacc agreed m with the other actors,
significant code changes may take place deep within the
modeling porlion  of the sinmla(ion.  This is the case
with the CJt S-AWSIh4  and CBS-CSSTSS in(crfaccs.
For example, ‘1’aclical  Air functionality is now
swilchable  code when AWSIM is  par t  of  the
confcdcral ion. Tim CBS translator does not produce
modeling data; it only relays it in the form of AI.Sl>
messages.

“J’he  following sections concentrate on the
i]~~plcl]]cl~[:ltioll  of the CJIS translator and on the changes
insiclc CBS nccdcd  to supporl it. Section 2 briefly
describes the CBS sof[warc.  Scclion 3 prcwicics a brief
overview c)f the mmlding  changes. Scclion 4 presents
an overview of the CBS translator. Section 5 describes
the AI.S1’ parser and verifier in]plcn~cntalion.  Sections
6 and 7 prwscnt CBS-AJ.SP  t i m e  and data
syllcllrc>lli~.:itiol],  rcspcc[ivcly.  Section 8 describes the
data mapping purpose of the translator. IJinalIy,  Section
9 discusses the implications of interfacing with
add i t i ona l  ac to r s .

2 CBS S O F T W A R E  OVlcltV1l;W

‘lhc illlt>lc]~]clltatio]] of the CBS translator took
advantage of C.B.S 1.4 features. Therefore, a brief
overview of CBS is presented hem. CBS is a discrete
event simulation that provides crmputcr-based battle
simulation support for Command l’ost Excrciscs.  These
cxcrciscs  arc used to train command and staff officers at
the joint task force, corps, division, and brigade levels,
‘J’he basic ccmpncn(s of lhc CBS soft w:irc system arc
the comb:it  model (CBS executable); the workst:ition-
graphics, and co~lltlllttlica[iorls programs; ancl Ihc
database software. The combat model is written in the
SIMSCR1l’T 11.5 language, and the workstation and
triinslatm software arc written in C. Part of Ihc CBS
cxcclltable is the Excci]tivc, which provides a powcrfd
window into the model. The F.xeculivc  module consists



of’ a 1:01< ”1’11 in[cqmtcr, luminal and mailbox 1/0
drivers, and [he timing routine. The running 0!’ Ihc CBS
model relics on a library d l:OR’I’ll  routines used by Ihc
Ilxccutivc.  The CBS lranslamr cmnmunicatcs  dircc[ly
with lbc CBS Excculivc.

The CBS 1.4 syslem inc]u[lcs  a library of h~:istcr
Interface (Ml) u[ilitics that provides two-way
ccrmmunica[ion bctwccn CBS and an external
application. “1’hc Ml utiliiies  provide  :icccss to a
workstation database  that is cxclusivc  to the application
and resides on the same node. It is rclcrrul  to as the MI
datalmc.  This da[abasc is a repository of CBS objects
and associated data, As an N41 application, lhc CBS
translator NSCS  tlm Ml dzitab:isc to obtain simulation
objects’ slate dam during norml processing ad crash
rccovcry. The databaw is a rcllccticrn of {hc lalcst CBS
ol~jcct cbangcs  that occurred in the CBS model,

3 MOI)JtI,]NG CIIANGKX

“1’hc CBS combat mrxld  can bc subdividd  into six top-
lcvcl func[icma] arms: h4ancuvcr,  Artillery, Chemical
War fa r e ,  (hmbal Engitmr, logist ics,  and Air
Operations. When C13S  and AWSIM arc joined to the
crmfcdcration, CBS must ghost AWS1h4  tactical air
missions and prcrvidc  lhc Confederation with units
owning air defense wcapcrn  system. This interlace
mostly invdvcs  inhibiting certain functionality in tbc
ma of Air Operations. In the CBS-CSSTSS  intcrfacc,
which is currcntty  unclcr dcvdopnumt, CDS will crcatc
and move convoys for CSS’lSS, and register all ground
combat mi ts. CSS’J’SS will register ground support
units  and control cquipnmnt ancl pcrsonnd for all units.
“1’his intc.r(ace involves mmy functional changes in the
logistics area of lhc mock]. In both of tlwsc intcrlaccs,
tbc modelers had to make chmgcs  to produce  the
simulation events and data cxpctlcd  by the O[hc’r
confederation nmnbcrs. It is not a trivial task 10 modify
existing functionality in the model.

‘1’lw CDS 1.4 AI.SP translator is rcltirrcd to as tbc AI.SP
Ml Application (AI.MA).  It is an indcptmdcn[  process
lh:il runs cm a ddicatcd  compmr  along with the databaw
Sof[ Wa l-c Aside from the advantages of bciug an h41
application, it was a rquircmnt to make Ihc translator a
separate process to avoid [aking  away from  the CBS
nmlcl  any C1’LJ utilin[ion  nccdcd for A1.SI> message
processing. “J’hc desire is not to burden CBS with
]l~o[lcl-illclcI>ct~(lc]lt  Al .S1’ processing and no[ to aflcct
sland-alom functicmali(y. ‘Nw Al A4A Nses Cl] S orders
and control messages to drive confcdcratim requests into
CBS. The ordc.rs arc similar to those a user would w.nd

from tbc menu at tbc CBS wmkstat ion. The A1.MA
cxpcc(s CBS simulation events and object state changes
[o bc conmmicatcd  via CDS cvcnl messages and garnc
truth, mpcctivcly.  l:igurc 1 is a data flow diagram of
the CBS translator.
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Figure 1: A1.h4A  l>ata Flow
(1) CBS
(3) ACM

The AI ,h4A is in]plcnwntd  as an 1/() event-driven
process. The messages arc hancllcd in the crrdcr they
come in. Conlnmnication  with the CBS systcm is
handled by (Iw h41 u[ilitics. ‘1’hc MI utilities handle all
input to Ihc application and invoke the fu[lction
:issociatccl with the message type. Outpt]t  to the ACM
(A 1.SP (hnmcrn h40dulc)  is handld by the application
COW. The application cock can bc broken up in[o three
funclicrnally  distinct areas: CBS nmsagc processing;
AI,SI’ and CBS object mapping; and AJ,SI’  message
proccssillg,

‘1’hc  AI.SJ’ nwssagc-parsing  porlion o f  t h e  AI.S1’
:ipplication w a s  impltmcntcd  indcpcndcntly. The
cballcngc was to quickly and dfcc(ivcly  dcvdop a parser
that could bandk (I]c protocol for lhc rmssagcs  dcscribcd
in the A1.S)’  C)per(//iotl(/ 1 Spec(fica/ion. The approach
was 10 dcvdop  a top-lcvd  description of the AI.SP
protocol grammar. l:igurc 2 presents a notation of



cxknrkd  BN1~ (flack us-Naur F’orm)  usut to dcscribc IIW
Al ,S1’ granmmr, excluding [IK!  ml-lcrminals  S’I’RING,
lN’1’IKiER, 1:1 ,C)AT, and llNUMIH<A’1’EI  ). With [hcsc
grammar rules, a port:iblc  (VAX/VMS and IJNIX)  A1.SP
p a r s e r  was built using YACC and 1.13X. ‘1’he  parser
crc:itcs a dynamic data smc[ure  in lbc formrrt of a binary
fmrsc  [rcc, The parse mcsdulc is given an input siring,
and il produces eitbcr a poinkr  to a tree or null to
indicak  a syntax crmr. This lrcc rcprcscnts  a ccmpktc
A1.S1’  nmsagc;  thus, given a pointer to the tree, olhcr
nmduks  bavc easy access  10 all 01
with an AI,SI’  mmagc.

command : =  Illcssage NJ WJ.JN1 i

nmsagc. :== Ftlnct { F i n d )

Funct : =  KliYWOI{I)  1,1’AI<ll’/

lhc data associated

[Arglist] I<J’AJU;N

Arglist :=== Arg ( ( COhfh4A  ] Arg )

Arg := l~llnct I Value I Attribute

Attribute :== Value ATSIGN ENLJhftWA’1”1 ;[ )

V:IIUC := SIRINGlNT1131;1< 11 OAT  l!NLJMIRA’11<1)

A’l”SIGN  := ‘@? ‘

1.l)AIUIN  := ‘(’

R1’AREN := ‘)’

COMMA :=== ‘,’

lrigurc  2: Top-I .CVC1 Inscription of AI ,S1’ Grammar

The parser was J3ui It indcpcndc.nt from any scmanlic
actions so tb:it fllturc cbangcs  and additions to AI.S1’
kcywmds  :ind cnnmcrations  would n o t  r e q u i r e
modifications. l:m cxamp]c, with the ongoing
il~ll~lcIllctltatic)Il of the CBS-C SS’JSS AJ.SI’  intcrfacc,
new AI .S1’ keywords with the associated argument t ypc
and list arc inc]udcct in a data file used by the AI.SI>
verifier portion ot’ the applictition. ‘1’hc parser required no
changes. The verifier code pmvidcs an optional pass
Nscd to cnforcc  the A1,SI’  syntax at the ICVCI  dcscribcd in
the Itltufacc Control  l)ocunwnts.  F o l l o w i n g  t h e
crcatioll of the parse tree, the vmificr is handed a pointer
to i[. Similarly, the order generator is givca a pointtr 10
the tree and it outputs the Cft S order. After the AI,SI’
parser  was defined, IIN next item on the agenda was to
establish time syt)ctlr(>lli~,tltiot) bctwccn  CBS and the
confcdmt ion.

6 ‘J’IMK  S}’ NCIII{ONIZA”l’ION

As a mcmbw  of the AI..S1’ ccmfcdcration, CBS had to
give up absolute control over timing. Most of the
difficulty was cncountcrcct  in getting the CBS ccmtmllcr
10 think “ccmfcdcration.” In other words, the cmtmllcr
could no longer rcgu]atc the pace of the simulation
without affecting the ccmfcdcraticm. lhc ability to obey
an external time monitor was facilitated with the ncw
timing routine inlrrxluccct in CBS 1.4. “l-he CBS
Exccutivc  L]SCS the SIMSCRIPT  global v a r i a b l e
TIh41; SYNC. V to specify a user-defined time
synchronization routine that is invoked before time is
advanced. ‘J’hc  CBS version of this mutinc yields the
tinw to which the simulation will next advance. When
part of a confuJcra[ion, this routine yields the most
rccmt  time granted by the confederation. in order to
coordinate timing with the confcdcration, a ncw message
tyJ>~ W:IS dcvclopcd: CBS Control Message.

The AJ.MA conveys grant advances to CBS and
rcccivcs  advance  requests from CDS via control
messages. When the l?xcculivc rcccivcs  a grant advance
control message, it invokes a I;OR’l’I] routine that saves
the time to which the simulation will advance, and
schcctulcs the next advance request control message to bc
sen t  t o  the A1.MA. ‘1’his message triggers (hc
application to send (o the ACM an advrrnce_req~~e.!f
message, Two ncw l;ORTI I commands were adclcd to
lhc CBS Exccu[ivt to allow it to pause and rcsunm the
simulation when joined 10 the con fcdcration,

7  l)ATA SYNCI1l<ONIZATIC)N

Saving :ind recovering simulation data arc also
coorcJinat cd bet wccn CBS and t hc AJA4A via control
messages. CIIS did not have (0 change the way it saves
data. A sl(/rl_,sm’c initiatwt from the ACM will cause
the Al .MA to send a control mssagc to the Executive.
A save rccJucst  control nmssagc  will prompt tbc CBS
ccmtroilcr to enter the preexisting CBS SAVli  command,
which performs a standard checkpoint. Synchronizing
data during  rccovcry, however, is more complicated. ‘J’hc
burden of synchroni~.ing  AJ .S1’ objccls  after a rollback in
tinw or a crash recovery, where history might change,
bckmgs to the AI,h4A.

‘1’hc AI .h4A is rcsJlonsibk for kccJ>ing CBS informed
of the state of A1.SP objects it is intcrcstcd  in
“ghosting. ” S imi l a r ly ,  [hc AI.hf A keeps the
confederation informed of the CBS simulation objects
and events in which it is inhmstcd. To accomplish this,
the AJ,MA keeps internal hash labks  th:i[ arc used to
stow the nlapJ~ing  bctwccn CBS objects  and AI.SP
objects. l)ata may bc test when CBS or the AI.MA
crash, or when Cc)llltlll]llic:itioll is interrupted bctwccn



CBS and the AI.MA  or between the AI.MA  and the
ACM. The ALMA depends on the MI database for all
objccl state data, After a CBS rccovcry, the Ml database
is rcfrcshcd,  thus rcflccling the latest state of simulation
objects. ‘I”hc AI.MA  then, depending on the type of
rccovcry,  may rebuild its internal tables from scratch, or
it may rcconcilc the diffcrcnccs  bet wccn the objects in its
tables and the objects in the MI database, simuhancously
sending out registers, updates, and deletes to the
confederation as nccdcd,

8  M A P P I N G  OF SIMUI.A’I’ION D A T A

‘1’hc AI.MA keeps three different mappings. For AI.SP
objects, it establishes a one-to-one corrcspondcncc
bctwccn their attributes in CBS and their A1.SP
attributes. When the AI.MA rcccivcs change game truth
for an object in which the confederation is intcrcstcd,  it
checks to scc if any of the changed attributes have a
counterpart in the confcdcration,  If so, an update
message is gcncratcd, The second type of mapping
involves mapping CBS objects to A1.SI> objects, Clivcn
the AJ.SP id, the CBS id, or the name of an object, the
mapping routines will return a pointer to that object.
The third mapping involves mapping AI,SP terminology
(enumerations) to CBS terminology, A scaling factor
may also accompany a mapping, For example, many
air-to-ground munitions in AWSIM map to a particular
munitions type in CBS with a multiplying factor applied
to the amount, All these mappings arc nccdcd to support
CBS and A1.SP rncssagc  p r o c e s s i n g . AI,SP
octor_to_acln_rne, f.fage.v arc triggered from the game
truth and event messages received from the CBS model,

9 ‘1’HK  FUTURE OU CBS AS A N  A C T O R

As a result of the CBS-AWSIM and CBS-CSSTSS
intcrfaccs,  CBS is emerging as the actor who will
furnish Ihc confederation with all unit updafes,  Since
AWSIM and CSSTSS involve different functional arcm,
CBS can easily intcrfacc with both simultaneously.
With the advent of more actors, it is clear that for each
functional area of war simulation, a dominant actor must
take control, It is easier to let an actor play its role in
the confederation indcpcndcnt of other actors. Otherwise,
every Al .S1’ actor needs to bc functionally aware of all
other actors from a modeling standpoint. AWSIM
should bc able to intcrfacc  with CBS indcpcndcnt  of
CSSTSS in supplying the missiles and launchers, for
example, to CBS.

‘1’hc initial definition of the functional interface
bet wccn actors is very important, The intcrfacc control
documents provide the only common dcvclopmcnt  tool
for the actors. As for any future work in the CBS

translator, minor changes arc forcsccn compared to any
functional changes that the model might need to
accommodate. In conclusion, the A1.SP protocol
facilitates distributed war modeling, and integrates the
functionality at the confederation ICVC1.  CBS has
successfully joined the AI.SP confederation by defining
its modeling role in the confederation and by accurately
relaying its simulation data using the Al ,S1’ protocol.
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